The laser induced pressure pulse method has been used to study the non-uniform polarization distnbution in 0.8 mm thick vinylidene fluoride/tnfluoroethylene copolymer (P(VDF-TrFE)) films. Sprayed-on black paint was initially used as the target material and this led to the generation of a bipolar pressure pulse in the sample. With a different target material, we can now produce a imonopolar pressure pulse. Measurements have been carried out using the new target material and the piezoelectric coefficient ezz has been estimated.
1. Introduction Polyvinylide fluoride (PVDF) and copolymers of vinylidene fluoride and trifluoroethylene P(VDF-TrFE) are widely used as transtducers. The advantage of P(VDF-TrFE) is that it can be poled without prior stretching. In most application, the P( VDF-TrFE) films are fairly thin (-1 0 pm). However, the P(VDF-TrFE) films used in underwater sonar application could be as thick as several hundred pm because of the requirement of lower frequency. If the applied voltage during the poling process is not sufficiently high, the polarization in a P(VDF-TrFE) sample is not uniform, thereby resulting in peculiar resonance characteristics[ 1-31, Therefore, it is important to know the polarization distribution in piezoelectric materials.
The laser induced pressure pulse (LLPP) method, also known as the pressure wave propagation (PWP) method, have been used to study to the polarization of piezoelectric materials [4, 51. Frequently, the pressure puke entering the sample is bipolar [l, 5 , 61 , and the reason of this phenomena is still unclear. Ln this paper, different target materials were used to pulse. produce The a polarization monopolar distribu? pressure tions were determined and the HP54522A piezoelectric coefficients ezz were calculated. a laser pulse with 10 ns duration and a beam diameter of 8 mm. The diameter of the target was 9 nun whereas the diameter of the sample electrode was about 12 mm. The laser pulse energy was optimised according to the target material used in the measurement. In order to measure the short circuit current, the input resistance of the digitizing oscilloscope was set to 50 R.
The principle of LIPP method has been described in detail elsewhere [4, 51 . The absorption of a laser pulse by the target leads to the generation of a pressure pulse, which in turn gives rise to a short-circuit current flowing in the external circuit during its propagation through the sample. From Ref. [7] , the short-circuit current for piezoelectric materials if there is no space charge in the sample can be expressed as, where S is the laser beam area, x is the compressibility of the materials, do is the original thickness of the sample, p(z, t) is the pressure wave profile as a function of time and position, and e,($ is the distribution of piezoelectric coefficient.
For a uniformly poled sample, during the penetration of the pressure pulse into the sample ( z = U ) , the current measured is directly proportional to the pressure wave near the entrance of sample, where v is the acousbc velocity of pressure pulse 3 Piezoelectnc coefficient erz esamaaon An x-cut quartz wth known ell is used to esbmate the piezoelectnc coefficient ezz of sample [3, 51 Assume that the laser pulse amplitude and the beam area are apprommately constant from pulse to pulse and the same target matenal is applied to the sample and the x-cut quartz Considenng the conservaaon of momentum [MI = Sjy(t)dt Spz (z is the wdth of the pressure pulse) in equahon (2) for quartz and the copolymer sample, the piezoelectnc coefficient can be expressed as, where, I" is the peak current amplitude when the pressure pulse enters the sample, and p is the density of the sample. The quantities with subscript q denote the corresponding parameters for quartz. In this paper, a 0 8 mm thick x-cut quartz was used for the estimation of erL.
Exuerimental results
Four P(VDF-TrFE) (80/20) copolymer films, A, B, C and D (about 0.8 mm thick) supplied by North America Atochem were studied in this work. Sample A was melted and hot-pressed at 180°C for 10 minutes. Sample B was as-received and had not been heat-treated before poling. Samples C and D were annealed at 120°C for two hours. Samples A, B, C and D were poled at 108"C, which is below the Curie temperature for first heating (?T,=124"C), for two hours with an applied electric field of 26 kV/mm. The electric field was kept on while the samples were cooled to room temperature. Sample D was poled again at 108°C for another two hours (two-step.poling) [2] . Table  1 gives a summary of the thermal treatments before poling and the types of electrodes and targets used.
Since sample A was flat we could use a 1.8 mm thick aluminum disk as the target, whch was attached to the sample (with gold electrodes) by a couplant (Panametric B2). As AI has a high reflectivity, the pulse energy of the laser was raised to 300 mJ to produce a suffcieintly strong signal. Fig. 2 shows that a monopolar pressure pulse is generated if an AI target is used. Much less energy (50 mJ) is required to generate a strong signal if black paint sprayed on the AI disk is used as the target (Fig. 2(b) ). However, a bipolar pressure pulse is produced (the peaks marked1 b). As shown in Fig. 2(c) ,
(a) target of black paint on silver paint electrode.
Time (1M)nsldiv)
(b) target oif black marker spot on silver paint electrode sample A is parhally poled through its thckness, wth the poled zone I occupying almost 90% of the total tluckness and the unpoled zone II occupylng the remaning regon Samples B, C and D are slightly curved after poling, hence the coupling between these samples and the alumnum target are poor Therefore for sample B, two dtfferent black absorbers (black paint and black marker) were in tum panted dtrectly on the silver electrode as targets When black pant was used as the target, a bipolar pressure pulse was produced (Fig 3(a) ) If black marker spot was used, a monopolar pressure pulse was produced (Fig 3(b) ), but the monopolar pulse was almost as broad as the bipolar pulse Again, zone I and II represent the poled and unpoled zone, respecbvely Sample B is also parhally poled w t h the poled zone occupylng about 40% of the tluckness I before poling 1
For samples C and D, a black marker spot is used as the target and a monopolar pressure pulse is observed (Figs. 4(a) , 4(b) & 5(a), 5(b)). Figs. 4(a) and 5(a) show the short circuit current when the pressure pulse enters the anode of the sample, which is the side connected to positive voltage during poling. Fig. 4(b) and Fig. 5(b) show the short circuit current when the pressure pulse enters fromi the cathode side of the sample. The schematic polarization distribution shown in Fig. 4(c) shows that sample C is partially poled with the poled zone I occupying about 60% of the thickness. Sample D, poled using a two step poling method [2] , is fUly poled (Fig. 5(c) ). The piezoelectric coefficient of selected samples are given in Table 1 
Discussions
Sample A, B and C are poled under almost identical polling conditions. The poled zones in sample A, B and C have dimensions of ab'out 0.9d, 0.4d and 0.6d, respectively. This shows that thermal treatment of the samplles before poling affects the resulting polarization. It is best to melt and hot-press the sample before poling. By using a two-step poling method (sample D), a uniformly p l e d sample with a high le,] value can be obtained.
The occurrence of a bipolar pressure pulse probably arises. from several reasons. One possible reason is that the target material may have formed a constraint layer on the surface of the sample [8] . It is also possible that the laser beam has penetrated a certain depth of the target and is absorbed; the pressure pulse that is produced at that position travels towards the target/air interface is reflected. A phase reversal occurs and this gves rise to the negative peak in the observed pressure pulse [9] . By choosing suitable target materials, the bipolar phenomena can be reduced or eliminated.
A comparison of various targets shows that Al target gives the narrowest monopolar pressure pulse and this will lead to a high spatial resolution. One problem is that the samples tend to curve during poling and it is not possible to make good contact if an AI disk is used as the target. To produce a monopolar pressure pulse, we have used a target of black marker spot on silver paint electrode. The shortcoming of this target material is that the black mark is easily ablated by the laser beam and a fresh layer of the target has to be painted after each shot.
Conclusion
The bipolar peak arises from the interaction between the laser beam and the target. By choosing a suitable target material, the bipolar phenomena can be reduced or removed and a monopolar pressure pulse can be generated By using the LIPP method, both the magnitude and the position dependence of the piezoelectric coefficient le,( can be obtained If the applied voltage is not high enough during the one step poling process the polarization distribution in P(VDF-Trm) sample is rather non-uniform. Using the two step poling method, P(VDF-TrFE) samples with uniform polarization can be produced.
